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(54) YCTAHOBKA RDX H3BJ1EHEHHH MUHEPAilOB, COAEP>KAmHX TFDKEJlblE METAJlflbl 



(57) Pe<$epaT: 

YcTaHOBKa. Ana u3oneHeHnfl MUHepa/iOB, 
coAepwamux Taxepbie Merannbi, rame KaK 
TopuM m ypaH BKJiHDMaeT orcaAOHHyK) KaMepy c 
Ana<t>parMoft, noABHWHoe petueio, 

KOJie6aTer!bHbiw npuBOA, BepXHUM m hhwhhm 
HaKonnTenu pa3AenReMbix c^paKijMft. 
rioABMJKHoe peiueTO ch36)kgho paMofi, 
CBfl33HHoft c TenecKonHHecKofi luraHroM 
Kone6aTeribHoro npwBOAa. n nocpeACTBOM 
acecTKMX npOMe>KyTOMHbix CBnseM m och bxoaht 
bo B3auMOAePicTBue c AuacfcparMofl, npM gtom 
r-o6pa3Hbifi KOHei^ Anac{)parMbi 

B3ai4MOA6MCTByeT c HanpasnflKDiAMM ynopoM 
sepxHero naKonnreriH pasAenaeMbix c{)paKUMM. 
(loABUKHoe pemeTO m hwkhmA HaKonmenb 
pasAenweivibix cf)paKi\wrt BbinonHeHbi c 
HaKonnTermwiH ah& 4>paKqn£i c 6onbiueM 

nflOTHOCTbK), CHa6>KeHHblMH 

KpbiiiJKaMn-HaKonnTe/iRMM Ann cf)paiqnM c 
MeHbiuefl nnoTHOdbio w ycTaHOBneHHbiMM noA 

HaKnOHOM B CTOpOHy OTCaAKH M nOA HaKHOHOM B 

CTopoHy pa3rpy3Kn t a BepxHufl HaKonmenb 



pasAenneMbix c^patcm^ BbinonHeH no OAHy c 
menflMH. YcraHOBKa noBbituaeT scfxfeKTMBHOCTb 
oaorai^eHUfl MHHepanoB b y3KOM pyianazoHe 
anoTHocTM. 2 nn. 




a: 



Hao6peTeHne othocmtch k o6nac™ 
oooraTMTenbHotf TexHmai, a MMeHHO k 

M3Bfl6MeHMK) TJUKe/lblX MeTajWOB M3 npOflyKTOB 

BTopuMHoro o6oraineHMH poccbinefi 
6/iaropoAHbix Meiannoa. 

H3BecTHbi cxeMbi nepBMMHoro, aoboaohhoi-o 
m nepeMMCTHoro ooorameHua poccbine*, 
BtcniOHatomue ncnonb30BaHne buhtobux 
cenapaTOpOB, rviApoquKnoHOB, CTpyflHbix, 
KOHycHbix KOHi^GHTpaTopOB, b pe3y/ibTaTe 
KOTopux pewaeTca Bonpoc BbtAeneHun 
6^aropoAHbD( MeTannos (Au) no nnoTHOCTM, a 4 
pasa npeBbiiuatomefi nnoTHocTb, bxoa^ihmx b 
cocTaB poccbineM MUHepanoa, TaKwx kbk qnpKOH 
(nn-Tb 4-4.9 t/cm 3 ) ZrSi0 4 . coAepwaiUHfi Hf, Th, 
U, Ca, Na, Si, Al, P, S, MOHaqviT (nn-Tb 
4.9-5.5 r/cM 3 ) (Ce, La, Th) P0 4> coAepwaiUMfi 
\\epm, naHTaH, Topwfi [1J. 

CxeMbi BTopMMHoro o6orau;eHHfl no flaHHbiM 
TexHonorwaM c ncnonb30BaHneM yxasaHHoro 
o6opyAOBaHM« He npaAycwaTpuBaioT 
M3aneM6Hne MMHepanoB cpeAHefl nnoTHOCTM, m 
npoAyKTbi o6oraineHnfl nocne H3BneneHviH 

UeHHblX C})paKUM« 30J10Ta MAyT B XBOCTbl BM6CT6 

c MMHepanbHbiMM BKntOHeHKHMM, eoAep)Kai4HMH 
paAnoaKTMBHbie aneMeHTbi. 3to yxyAwaeT 
OKonorMHecKyK) oocTaHOBKy pavtoHOB Ao6bNH 
poccbinevi, rAe npupoAHbie 3anexn BKniOMaiOT 
6onbLuwe KOHi^eHTpat^nn t^upKOHa m MOHaiuiTa. 

H3BeCTHbl OTCaAOHHbie MaiUUHbl 

Awa<$parMOBoro Tuna, b KOTopbix Anac^parMa 
nn6o BCTpanBaeTcn b BepTUKanbHyw deHKy 
Kopnyca, nu6o ycTaHaBnuBaeTcn b otcqaomhom 

OTAe/ieHHM C nOABUKHblM KOHMMeCKMM AHwmeM, 

ooecneMHBafl nepeMem,eHne 4ac™ A^ntna b 
BepTHKanbHOM HanpaBneHMM [2]. 

HeAocTaTKOM AaKHux wiatunH HBnfleTCfl to, 
mto ohh He o6ecneHHBa*OT ac|x|)eKTHBHoe 
pasAeneHne Ha cJjpaKi^w npn ycnoBUM 
HeoonbUJOM pa3Hni»bi nnoTHOCTM pa3AenfleMbix 
MUHepanoB (Hanp^Mep, KBapt^ SiC>2 - nn-Tb 
2.65 m ijmpkoh - nn-Tb 4-4.9). 

Hauoonee 6nu3Kot* k npeAnaraeMoSi 
ycTaHOBKe no TexHWMecKoft cyu^HocTH aanfleTCH 
ycTaHOBKa Ann o6orameHna none3Hbix 
ncKonaeMbix, coAepxamaH oTceKM OTcaAOHHbix 
KaMep c Awacf)parMow m peweTOM, 
npncnoco6neHWflMn a/ib pa3rpy3KH TBxenwx w 
.nenoix (JjpaKijvifi pa3AenaeMoro MaTepnana, 
ycTanosKa cHaoweHa pacnonoxeHHbiM noA 
peiueTOM noAAOHOM Ana MenKotf Taxenofl 
c}DpaKi;MM, peiueTa pacnonoxeHbi b OTceKax c 
B03MoxHocTbK) CB060AHUX Kone6aHnfl, a 
AMacfparMa BbinonHeHa M3 A^yx MacTefi, 
oxBaTbiBaiou^nx paoonne Mac™ oTcaAOMHbix 
xaMep [3J. 

flaHHaa ycTaHOBKa He pewaeT 3aAaMH 
pa3AeneHMfl Ha c^paio^ b y3KOM AHanasone 
nnoTHOCTM pa3Aen?ieMbJx MaTepnanoB. 

LJenb u3o6peTeHMfl - noBbiiueHne 
34x|)eKTHBHocTn npOL^ecca ooorameHUH npn 
pa3AeneHMH Munepanoa a y3K0M Anana30He 

nnOTHOCTM, 

PlocTaBneHHan uenb AOCTHraeTCfl TeM, mto 
ycTaHOBKa Ann usaneMennfl MMHepanoB, 
coAepxamux Topnw m ypaH. BKnioMaJoinan 
OTcaAOMHyjo KaMepy c AwacfcparMOi* m 
noABUKHbiM pemeTOM, HaKoniiTenn 
pasAenaeivibix cppaxuyM, noABM)KHoe peujeTo 
CHa6KeHO pa mom, cBHsaHHofi c 
TenecKonnMecKovi ujTaHroM xoneoaTenbHoro 
npMBOAa. m nocpeACTBOM KecTKnx 

nDOMe>KyTOMHbIX CBB3eM H OCM BXOAUT 80 

B3anMOAeficTBne c Anacf)parMoft, npn otom 
r-o6pa3Hbjfi KOHei^ AMaH l5 P a^Mb, 
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B3anM0AeMCTByeT c Hanpaan«ioii|HM ynopoM 
BepxHero HaxonHTenn pa3AenneMbix c|>paKUMM, a 
noABUKHoe peiueTO m hmkhum HaxonnTenb 
pasAenneMbix cfcpaKL^Ci BbinonHeHw c 
HaKonwTenBMn aha c^paiqun c oonbiueM 

nnOTHOCTbtO, CHa6)KeHHblMM 

KpbiujKaMH-HaKonnTenPMn a"« 4)paKi^vivi " c 
MeHbUjew nnoTHOCTbto n ycTaHosneHHbiMvi roa 

HaKnOHOM B CTOpOHy OTCaAKM M nOA HaWIOHOM B 

CTopoHy pa3rpy3KM, a BepxHUM HaKonnTenb 
pasAenneMbix ' c^paiqwfl BbinonHeH no AHy co 
menflMM. 

HannHne BbiaieyKa3aHHbix npn3HaKoa 
nosBonneT onpeAennTb A^HHoe Tex h nMecKoe 
peiueHne xaK HOBoe, nMeioa^ee 
n3o6peTaTenbCKVtC^ yposeHb m npoMbnuneHHO 
npuMeHMMoe. 

ycTaHOBKa M3o6paaceHa Ha nepTenax. 

Ha c|)nr. 1 - o6mnfl bha ycTaHOBKn; Ha cpvir. 
2 - pa3pe3 A-A Ha cfew\ 1. 

YcTaHOBKa Ana n3BneMenn« MunepanoB, 
coAepxamMX Topn^ m ypaH, BKnionaeT 
OTcaAoqHyio KaMepy 1 c AnacfcparMofl 2, 
noABUKHbiM peuueTOM 3, BepxHUM HaKonnTeneM 
pasAenaeMbix c^paKL^fl 4 n hwjkhum 
HaKonnTeneM pa3AenaeMbix 4>paKunw 5. 
DoABM>KHoe peiueTO 3 MMeeT pa My 6, 
coeAHHeHHyio c TenecKonHHecKotf uiTaHroSi 7 
Kone6aTenbHoro npuBOAa 8. C ookobwx ctopoh 
paMbi 6 ycTaHOBneHbi jkecTKne npOMe>KyT0HHbie 
CBH3H 9 r-o6pa3Horo BMAa. Ha 
npoTHBonono>KHbix ot peiueTa 3 cTopoHax 
xecTKvix npoMexyTOMHbix cBB3ew 9 Ha ocax 10 
3aKpenneHbi c B03MOKHOCTbK) apat^enna f - 
o6pa3Hbie KOHL^bi 11 AnacfrparMbi 2. BepxHuK 
HaKonnTenb pasAenaeMux qbpaxi^nvi 4 CHa6«eH 
HanpaBnBtoiAMM ynopoM 1 2, c kotopwm bxoaht 
bo B3anMOAeMCTBne r-o6pa3Hbie kohi^u 11 
AnacJjparMbi 2. 

BepxHn^ naKonMTenb pasAenaeMbix 
c}3paKL\nM 4 BbinonHeH no AHy 13 co menaMn 14 
h na3aMM 15 An« nepeMeu^eHun paMbi 6 n 
ycTanoBneH c HawiOHOM b crropOHy pa3rpy3Kn. 

Ha noABM)KHOM peujeie 3 v\ uvimeM 
HaKonnTene pa3Aen«eMbix 4>paKqnti 5 
ycTaHOBneHbi HaKonvrrenn Ann cppaKi^MM c 
6onbaiew nnoTHOCTbK) 16, 17, cHa6>KeHHbie 
KpbiiuKaMM-HaKonnTenBMM Ann c^paKi^nn c 
MeHbiueM nnoTHOCTbto 18. 19. noABWKHoe 
peiueTO 3 n hh)khmv^ HaKonnTenb pa3Aen«eMbix 
q^paxquM 5 ycTaHOBneHbi noA HamioHOM b 

CTODOHy OTCaAKM (CM. Cj5Hr. 1) M nOA HaWIOHOM 

b CTopoHy pa3rpy3KM (cm. 43 nr. 2). 

Pa6oMan nacTb 20 peiueTa 3 MMeeT menu 21 
m HanpaBnRioi^MM )Keno6 22. 

Pa6oTa ycTaHOBKM ocyiAecTBnjieTCfl 
cneAyHDiUMM 06pa3OM. 

flo HanpaBnflK)ii;eMy Keno6y 22 OTcaAOMHotf 
KaMepbi 1 Ha pa6cmyK) naorb 20 peiueTa 3 
noAaeTCB oooramaeMbm MaTepnan. 
BfcnfoneHneM KonedaTenbHoro npusoAa 8 
ocymecTBnaeTCH nepeMemeHue noABUKHoro 
peiueTa 3 b 3aA3HHOM A^ana30He no BbicoTe 
(pa3Mepax l n Kone6aHMM) w wacTOTe Kone6aHnvi 
(n) no <J)opMyne [4]: 

rAe - MaKCHManbHbm pa3Mep nacTMi^ b 

nUTaHMM, MM. 

MacTOTy Kone6aHHv^ (n) mo>kho ycTanoBUTb 

MCXOAA M3 ycnOBMfl TOrO, MTO CKODOCTb 

BocxoA^iAero noTOKa boaw AonwHa 6wTb 
AocTaTOHHoiH Ann B3BeiuviBaHHB MaKCMManbHwx 
no rwApaannMecKo^ KpynnocTu mbctmh a 
CTecHeHHbix ycnoBnax. a ycKopeHue cpeAw He 
AoruKHo npeBbnuaTb ycKOpeHne cunw TjwcecTM 
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MacTWLibi pa3AenneMoro Maiepnana [4]. 
Bo3j^e^CTBneM nocpeAcraoM 
• TenecKonnMecKOM oiTaHru 7 Ha noflBWKHoe 

peiueTO 3 ocyu^ecTariHeTCR nepeMeujeHvie 
peiueTa 3 BBepx m BCTpRXMBaHne m paccnoeHue 
BepxHero cnoa nocTenn m HM>KHero Ha 
noABMKHOM peiueTe 3. FIoa B03AeficTBueM 
TenecKonnMecKoCi uiTaHnvt 7 noABMJKHoe peiueTO 
3 nepeMemaeTca BBepx b naaax 15 BepxHero 
HaKonnTenw pa3Aen«eMbix cj5paKu,uw 4, npn aroM 
BepxHuCi cnoft* nocTe/in npuxoAUT b noABuxHoe 
cocTOAHne b ropnaoHTanbHOM HanpaB/ieHnn, 
no3BO/iRfl 6ortee mgjikvim MacTMijaM 
ocBo6oAHTbcn ot chji cuenneHUR c KpynHbiMM 
MacTML^aMM. ripn ABHweHuw peiueTa bhus 
MacTHL^bi BepxHero Anana30Ha KpynHocTM 
(HaApetueTHoro, HanpMMep, -3 +1 mm), 6onee 
nnoTHbie no yAenbHOMy Becy nepeMemaiOTCfl no 
npcTenn peiueTa 3 b dopoHy oTcaAKu n 
HaKonnTenK) Ana <+jpaKu,vw c oonbiuefl 
nnoTHOCTbK) 16, a Macrnqw c MeHbiuefl 
nnoTHocTbK) b BepxHeM Awana30He KpynHocTH 
nonaAawT Mepe3 menu 14 Ana 13 b BepxHWfl 
HaKonnT^HL pa3AenfleMbix <ppaKi\m 4 Win b 
KpbtLLtxy - HakonuTexib aha c^paKi^nn MeHbiuefl 
nnoTHOCTH 18 noABMWHoro peiueTa 3. 

BepTwranbHwe KoneGaHwa noABVDKHoro 
peiueTa 3, nyTeM BosAewcTBnfl paMbi 6 c 

WeCTKHMU npOMe>KyTOHHWMM CBA3RMM 9 

r-o6pa3Horo BHAa Mepe3 ocm 10 Ha 
T-o6pa3Hbie KOHi^bi 11 Ana$parMbi 2 w 
HanpaBnflKDiUMX ynopos 12, npuBOART 
Awa$panviy 2 b Kone6aTenbHoe ABMxeHne 
BOKpyr ocw 10. Co&epwan Kone6aTe/ibHbte 
ABn>KeHMfl AHacfcparMa 2 BosAeficTsyeT Ha 
hh>khmi4 cnotf nocTenn w noABw>KRQro peiueTa 3, 
noMoraa paaAeneHMio o6oramaeMoro 
MaTepnana no KpynHOCTw. Mepe3 \i\em 21 
6onee uenme HacTuu,bt HHWHero cnofl nocTenw 
(HanpuMep, -1 +0,05 mm) nocTynatOT b 
noApeujeTHyio nacTb OTcaAowofi xaMepu 1, 
pa3AenflACb no nnoTHOCTH b npou,eece 
BOSAeMCTBMfl noTOKa, co3AaBaeMoro 
noABH>KHbiM peiueTOM 3 u A^a^parMoi^ 2, Ha 
cfpaKi^nn c 6oribiijefi nnoTHOCTbio, 
nocTynafou^ne b HaKonnTenb Ann cjDpaKLjwfi c 

20 6onbiijeii nnoTHOCTbK) 1 7 HtDKHero HaKonnTe/ia 
pa3Aen«eMbix cfpaKquCi 5 h 4>paKi\wn c 

C MeHbujew nnoTHOCTbK), nocTynaiomne b 
KpbiiuKy-HaKonnTenb a^h cfjpaKu.nn c MeHbwefl 
nnoTHOCTbK) 19. 

hO PeryriMpOBaHMeM BbicoTbi w nepnoAUHHOCTM 

MacTOTbi Kone6aHn£i noABw>KHoro peweTa 3 m 

~* Anacf)parMbi 2 ocyinecTBnaeTCfl pa3pwxjieHne 

^ nocTenn o6orau^aeMoro MaTepnana, OTpbiB 
3epeH pa3AenneMbix cfcpaKUHfi ksk b 

-vl HaApemeTHOM, T3K h b noApetueTHOM 

CD 

co 



oTAeneHunx OTcaAOHHotf KaMepbi 1 m 
oca>KAeHMe nacTnu c bo/ibaie^ ckodoctm m 
oonee HH3Koro no/io>KeHMfl naj\ noBepXHOCTwo 
nocTenn no peiueTy m HH)KHeMy HaKonnTenio 
pa3Aen«eMbix c^paKunfl b CTopoHy mx HannoHa 
s OTcaAKM. a sacTMij MeHbUjei^ n/ioTHOCTM, 
HMe»oi4nx MeHbiuyw CKopocTb, 6onee MeriKne M3 
hmx nocTynaiOT b BepXHuK HaKonnTenb 
pa3AermeMbix c{)paKL;n^ 4, a oonee KpynHbte, 
MMeiou^ne CKopocTb oca>KAeHH« OTjiM^aHDinyiocR 

10 OT CKOPOCTM Me/IKMX MaCTML^, OCa>KAaK)TCfl B 

KpbiiuKaX'HaKonviTenflX 18, 19. 

YcTanoBKa noBbiniaeT 3cpQj)eKT m bhoct b 
npouecca ooorameHMH npvi pasAenennn 
MUHepanoB b yaKOM A^anaaoHe nnoTHOCTH 
4>paK4nvi m peniaeT 3aAaMy OKonorvmecKo^ 
15 6e3onacHOCTM. 
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<t>opMyna M3o6peTeHnn: 

YcTanoBKa Ann MSB/ieMeHun MUHepanoB, 
30 coAepKamux TfUKenue MeTarrnbJ, BK/uoMajoiMafl 
OTcaAOMHyio KaMepy c AnacfjparMOM, noABH/KHoe 
peiueTO, KoneoaTenbHbiM npuBOA. Bepxnuti n 
hvdkhmm HaKonnTenn pa3AenweMbix cppaKi^nw, 
oT/inwaioiAaflCfl TeM, mto noABUKHoe peiueTO 
cHa6«eHO paMbtf, CB«3aHHoPi c 
35 TenecKonnnecKO^ WTaHrofl Kone6aienbHoro 
npuBOAa, n nocpeACTBOM /KecTKwx 
npoMexcyTOHHbix CBflseti m ocm bxoaut bo 
B3a m MOAeMCTBue c Anac£parMofi, npn stom 
r-o6pa3Hbii4 KOHeu A^ac|}parMbi 

BsauMQAeficTByeT c HanpaBD^iou^nM ynopoM 
BepxHero HaKonMTenn pa3AenneMbix c|>paKunfi, a 
noABUKHoe peiueTO m huxhmCi HaKon^Terib 
pa3AenReMbix 4)paiqMM BbinonHeHbi c 
HarannTensMH aha cfjpaicu.nM c 6onbiueCi 
anoTHOCTbw, cHa6xeHHbiMn 
^5 KpbiujKaMM-HaKonviTeriflMH Ann c|)paKi^Mft c 
MeHbiueft nnoTHOCTbK) m ycTaHOBneHHWMH noA 

H3KTIOHOM B CTODOHy OTCaAKH H nOA HaiOIOHOM B 

CTopoHy pa3rpy3KH, a BepXHM^ HaKonMTerib 

pa3Aen»eMbix (^paKquii Bbino/iHeH no AHy c 
' u^enflMM. 
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